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INTRODUCTION 44

Listeria innocua and
performed. When a 4-log reduction was not achieved, 5-and 7.5-min treatments with higher 100 disinfectant concentrations, when needed, were carried out until a 4-log reduction was observed. 101
For each isolate, a control was exposed to sterile hard water and used for the calculation of the log 102 reduction. Each treatment was repeated under identical conditions on two distinct biofilms. 103
Data analysis 104
Agreement to a normal distribution of the data generated by the CV (A600), enumeration on SSC 105 (Log CFU/cm 2 ), and biofilm susceptibility (reduction of log CFU/cm 2 ) assays was checked using 106 the Shapiro-Wilk test, and the homogeneity of the variance was confirmed by Levene's test. 107
Comparisons between means were then performed via one-way ANOVA, using Scheffé test. These 108 analyses were performed with the OriginPro 8 SR0 (Northampton, MA, USA) software. 109
Using JMP Pro 13.2.1 (SAS, Cary, NC USA) software, a principal component analysis (PCA) was 110 performed in order to compare the isolates, based on their response to the ten following conditions 111 of log CFU/cm 2 reduction on SSC after disinfectant (P3 or MS) treatment of biofilms grown in 112 clean (C) and soiled (S) conditions, and of biofilm formation: 1) P3 2.5 min 0.2% C; 2) P3 2.5 min 113 0.2% S; 3) P3 5 min 0.2% C; 4) P3 5 min 0.2% S; 5) MS 2.5 min 0.5% C; 6) MS 2.5 min 0.5% S; 114 7) MS 5 min 0.5% C; 8) MS 5 min 0.5% S; 9) biofilm formation by CV; and 10) biofilm formation 115 by enumeration on SSC. A hierarchical clustering using the Ward method was performed based on 116 the component 1, which explained the majority of the variance. 117
For all tests, the confidence level for significance was 95 % (P<0.05).
RESULTS 119
Comparison of the biofilm-forming ability of the isolates 120
The biofilm formation of L. innocua isolates ranged from 0.117 and 0.170 (A600) using the CV 121 method while the enumeration method registered values between 6.20 and 6.69 log CFU/cm 2 (Fig.  122   1 (Fig.1) . 125
The CV assay relies on the property of the dye to bind to negatively charged surface molecules and 126 polysaccharides in the matrix. This assay may be influenced by the amount of exocellular polymer 127 and by cell sedimentation, which increases with planktonic growth (Lourenco, Rego, Brito, & 128
Frank, 2012). This may explain data variability obtain with this method. However, the CV method 129 showed no significant differences between isolates nor between species (P>0.05, Fig. 1B ). The 130 same outcome was obtained for the enumeration on SSC, except for L. monocytogenes isolate GR, 131 that was significantly different from L. monocytogenes isolates GI and GN and from L. innocua 132 isolate 2, with P-values of 0.011, 0.009 and 0.016, respectively (Fig. 1A) . 133
Comparison of the antibiofilm activity of the disinfectants 134
The log reductions obtained after the treatment of L. innocua biofilms (light dots) with the 135 disinfectants P3 and MS are shown in Fig. 2 . In order to allow comparison between species, data 136 from L. monocytogenes isolates (dark dots) (Costa et al., 2016) are also shown. Among the isolates 137 that did not reach the 4-log reduction threshold, and for that reason were consequently exposed to 138 longer treatments and/or higher concentrations of P3 and MS, L. monocytogenes and L. innocua 139 persistent and non-persistent isolates were found. This was observed when biofilms were grown 140 both in nutrient-limiting (1/10 diluted TSB-YE) and in nutrient-rich (TSB-YE) conditions ( Fig. 2A-141 I, quadrants II, III and IV). Moreover, when the log reduction values obtained with both 142 disinfectants at all the tested concentrations and contact times were compared, there were nosignificant differences between isolates nor between species (P>0.05). The exception was the 144 comparison of susceptibility to P3 at the mildest exposure conditions (0.2% [v/v] for 2.5 min) in 145 which L. monocytogenes presented a higher log reduction (P-value of 0.0497). 146
The disinfectant P3 showed a greater efficacy than MS at 7.5 minutes of exposure and at the lowest 147 conditions. The log reduction values of the 10 isolates exposed to the mildest disinfectant 157 concentrations (0.2% for P3 and 0.5% for MS) for 2.5 and 5 minutes were considered ( Fig. 2A, B , 158 D and E). These were the treatments applied to the 10 isolates, since isolates that after these 159 treatments reached the 4-log reduction threshold were not subsequently exposed. 160
By PCA, the initial 10-dimensional space (10 variables) was reduced to a plane F1F2, defined by 161 the two first principal components. This plane accounts for about 68.5% of the variance of the 162 original data (Fig. 3) . The projection of the 10 original variables on the first two principal 163 components is presented in Fig. 3A . Except for the treatment with P3 for 5 min at 0.2% in both 164 clean and soiled conditions, in general, disinfectant susceptibility (log reduction) shows a positive 165 correlation with the first component increasing along it. The second principal component is 166 positively correlated with both CV and SSC values, i.e. biofilm production increase along this axis. 167
The projection of the different isolates in the plane F1F2 is presented in Fig. 3B . The isolates in 168 quadrant I (2, GN, GI and 4) and in quadrant II (1) are more susceptible to P3 as all of them reached 169 the 4-log reduction threshold after exposure for 5 min to 0.2% (v/v) (Fig. 3, and Fig. 2B ). Isolates in 170 quadrants III (99, 5, 3 and G39) and IV (GR) were less susceptible to P3. These isolates only 171 achieved the 4-log reduction after a 7.5 min exposure to the same concentration (Fig. 3, and Fig.  172 2C). Isolate GR can be seen isolated on quadrant IV as it presented the higher log reductions in both 173 clean and soiled condition for the eight treatments used to perform the PCA (Fig 3, and Fig. 2A, B,  174 D and E). Moreover, isolate GR is worst biofilm producer than three (2, GN and GI) of the four 175 isolates positioned in quadrant II (Fig. 3 and Fig. 1) . 176 A hierarchical clustering, based on the first principal component which explains the majority 177 (43.9%) of the variance (Fig. 3 ) was performed and allowed to confirm the presence of the three 178 clusters of isolates (C1, C2 and C3) (Fig. 4) , as suggested by PCA. A two-way clustering was 179 performed. According to the intensity of the response of each isolate in every experiment, the 180 treatments with P3 for 5 min at 0.2%, in both clean and soiled conditions, were the ones that 181 allowed the most differentiation of the isolates. It is also possible to observe that, persistent and 182 non-persistent isolates from both species L. innocua and L. monocytogenes were allocated in both 183 clusters, confirming that both species respond in a similar way to the conditions tested in this work. In this work, using L. innocua and L. monocytogenes collected from the same environment, a 214 similar susceptibility to the tested disinfectants was found for biofilms of both species. Moreover, 215 the susceptibility to P3 and to MS of biofilms grown in conditions mimicking clean and soiled 216 environment, showed no significant differences in terms of log reduction between persistent and 217 non-persistent isolates. According to these results, L. innocua could be used as a surrogate for L. The presented work tried to mimic food industry conditions. Consequently, susceptibility testing 237 was conducted with biofilms produced on stainless steel, in soiled and in clean conditions, and 238 testing two commonly used HP-based disinfectants at the dairy plants where the isolates were 239 collected from. Nevertheless, in the real industrial environment the strains will form multi-species 240 biofilms and that may become relevant to the response of both L. monocytogenes and L. innocua to 241 disinfectants. 242
CONCLUSION 244
This study has shown that biofilms of in-house L. innocua could be employed for the validation and 245 monitoring of HP-based disinfectant efficacy and proper sanitation procedures in Gorgonzola 246 processing plants. In fact, not only L. innocua susceptibility to HP-based disinfectants is similar to 247 L. monocytogenes biofilms, but also both species, collected from the same food industry 248 environment, showed no differences in biofilm forming ability. The common origin of the isolates 249 
